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(54) Information recording medium, apparatus for recording the same and apparatus for 
reproducing the same 



(57) An intormation recording medium (1) includes 
a plurality ot first inlormation pieces (20) each of which 
is reproduced successively in time; a plurality o1 second 
information pieces (IU) each of which is successively 
positioned on the information recording medium, one or 
more of the second information piece constituting the 
first information piece; a plurality of third information 
pieces (30) each of which is individually reproducible 
and is a unit for jump reproduction, one or more of the 
third information piece constituting the second informa- 



tion pieces; at least one related inlormation piece (51 ) 
included in the third information piece and relating to a 
reproduction order and a reproduction method of the 
second information pieces; at least one reproduction 
control information piece (61 ) relating to a reproduction 
order and a reproduction method of the lirst information 
pieces. At least one of the related information piece and 
the reproduction control information piece includes a 
jump reproduction method selection information piece 
(IF : AF) indicating one ot the jump reproduction methods 
perlormed by the reproducing apparatus. 
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Description 

The present invention i elates lc> an ink imalton lecoidng medium : ucii ai an optical disk ot a high lecording 
density type which is capable o1 recording information such as vidoc ml oi mat ton audio inloimalton and the like al a 

5 high density, and which is lepiesenied by a DVD (Digital Videc oi Vcisatile L'isk) The p'esenl invention also relates 
1o a lecoiding apparatus 1oi lecoiding the inlormalion onlo the intoimation lecoiding medium and a reproducing ap- 
paratus toi reproducing ihe inlormalion horn the intoimation lecoiding medium 

Conventionally, a so-called LD (Laser Disk) and a so-called CD (Compact Disk) aie generalized as optical disks, 
on which ml oi mat ion such as video intoimation, audio intoimation and the like is recorded 

o On the LD or the like, the video inloimation and the audio inlormalion aie recorded together with time information 

indicating a time at which each intoimation is to be repioduced with lespect to a lepioduction start position, which each 
LD ot the like has as a standard position Thus othei than a geneial normal reproduction to reproduce the recorded 
inlormalion in the order oi recording, vanous special leproductions aie possible, such as a reproduction to extract and 
lisien to an only desirable music out ot a plurality oi recorded musics, a reproduction to listen to the recorded musics 

'5 in a random oidei and so on. in case o1 the CD, lor example. 

Howevei, theie is a problem that, accoiding to the above menlioned LD oi the like, a so-called interactive and 
vai legated reproduction is not possible in which the audience can have a plurality ot selection branches as tor 1he 
video or audio inlormalion to be displayed or sound-outputted and in which the audience can select them to watch or 
lisien to it 

?0 Namely, it is impossible loi a usei to choose the language used in the subtitle displayed on the screen {e.g., Irom 

subtitle ot Japanese and the original language) in the case ot watching a toieign movie lecoided on a LD or to choose 
the voices oi a song (eg, Irom English voices or Japanese Voices) in the case ot listening to the music recorded on 
a CD. 

Nowadays, apart trom ihe above mentioned conventional CD. it has been proposed and developed a DVD which 

?5 is an optical disc which disc si?c is identical to CD and which recording capacity is enhanced to be approximately ten 
times larger than that oi CD In DVD, thei e is a problem as to how a special reproduction, such as a search reproduction 
and/or a jump reproduction, loi repioducing a desired position o1 a user is performed. Particularly, in the case oi the 
recording medium, such as DVD. on which a plurality oi information pieces are independently recorded, it is impossible 
to apply the technique ot the special reproduction, i e.. search reproduction and/or jump reproduction, as used in the 

30 recording medium, such as a LD, on which inlormalion is successively and continuously recorded. 

Il is therefore an object ot the present invention to provide an information recording medium, an apparatus 1or 
recording the same, and an apparatus lor reproducing the same, which can smoothly perform a special reproduction, 
such as search and/or jump reproduction. 

According to one aspect ot the present invention, there is provided an information recording medium reproduced 

35 by an information reproducing apparatus including: a reproduction unit: a reproduction control unit; and a jump repro- 
duction unit 1oi allowing the reproduction unit to jump to a jump target position and to continue reproduction in response 
to an instruction from a user the recording medium including: a plurality oi first inlormalion pieces each oi which is 
reproduced successively in lime by the reproduction unit; a plurality of second information pieces each oi which is 
successively positionec on the information recording medium, one or more of the second inlormation piece constituting 

40 the lirst information piece a plurality oi third inlormation pieces each of which is individually reproducible and is a unit 
lor jump reproduction by the jump reproduction unit, one or more ot the third information piece constituting the second 
information pieces: at least one related inlormation piece included in the third inlormalion piece and relating to a re- 
production order and a reproduction method of the second inlormation pieces: at least one reproduction control inlor- 
mation piece relerred to by the reproduction unit and relating to a reproduction order and a reproduction method oi the 

45 first inlormation pieces, wherein at least one o1 the related inlormation piece and the reproduction control information 
piece includes a jump reproduction method selection information piece indicating one oi a plurality ot jump reproduction 
methods performed by the jump reproduction unit. 

In accordance wilh the recording medium thus contigured, the lirst information pieces and the second inlormation 
pieces are reproduced according to the reproduction control intoimation piece and the related information pieces. 

so When the jump reproduction is instructed by a user, the reproduction is appropriately periormed on the basis ot the 
jump reproduction method specified by the jump reproduction method selection information pieces. 

The medium may be so configured that the plurality of first inlormation pieces include a plurality oi selectible 
information pieces, one of the selectible information pieces being reproduced selectively at a reproduction time period 
in the reproduction oroer. Ey this, the plurality o1 selectible inlormation pieces are reproduced according to the selection 

55 by the user. 

The medium may be sc configured that the jump reproduction method selection inlormation piece is determined 
in accordance with the jump target position in the jump reproduction By this the jump reproduction is performed in 
best method according to the jump target position 
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The medium may be so conliguied thai ihe jump reproduction method selection information piece is determined 
in accordance wilh the jump lepioduction method ot the plurality ot selectible inloimation pieces. By this, the jump 
^production is performed in best method according to the reproduction method ot the seleclible information pieces. 
According toanolhet aspect ot the present invention, there is pioviced an intormation reproducing apparatus tor 

5 lepioducing intormation from an intorr nation recording medium including a pluiality ol lust intormation pieces each ol 
which is reproduced successively; a plurality ol second intormation pieces each ol which is successively positioned 
on the intormation recording medium, one or more ot the second intormation piece constituting the first information 
piece; a plurality ot third information pieces each of which is individually reproducible and is a unit for jump reproduction, 
one or more ol Ihe third intormation piece constituting the second intoi matron pieces; at least one related information 

to piece included in the third information piece and relating to a repioduciion ordei and a reproduction method ol the 
second information pieces; at least one lepioduction control inloimation piece relating to a reproduction order and a 
reproduction method of the first intormation pieces: and a jump reproduction method selection information piece indi- 
cating one of a plurality of jump reproduction methods, the apparatus including: a reproduction unit for successively 
reproducing the second information piece to reproduce the first information pieces by referring to the related information 

'5 piece: a reproduction control unit for controlling the reproduction ot the first information pieces by the reproduction unit 
by referring to the reproduction control information piece; and a jump lepioduction unit toi allowing the reproduction 
unit to jump to a jump target position to reproduce the third information piece in response to an instruction from a user, 
wherein the jump reproduction unit controls the reproduction unit in accordance with the jump reproduction method 
specified by the jump reproduction method selection information piece. 

20 In accordance with the apparatus thus configured, the reproduction unit successively reproduces the second in- 

ton nation piece 1o reproduce the first inloimation pieces by refeiring to the i elated information piece. The reproduction 
control unit controls the reproduction of the first information pieces by the reproduction unit by referring to the repro- 
duction control information piece. The jump reproduction unit allows the reproduction unit to jump to a jump target 
position to reproduce the third information piece in response to an instruction tiom a user. The jump reproduction unit 

2S controls the reproduction unit in accordance with the jump reproduction method specified by the jump reproduction 
method selection information piece. 

The apparatus may be so configured that the jump reproduction unit controls the reproducing unit by one of a first 
method in which the reproducing unit reproduces the information pieces in a seamless manner and a second method 
in which the reproducing unit reproduces the information pieces in a non-seamless manner. 

30 Further, the apparatus may be so configured that the reproducing unh including: a reading unit for reading the 

intormation pieces: a storing unit for storing data read by the reading unit: and an outputting unit for outputting data 
stored in the storing unit, wherein the outputting unit starts outputting the data immediately after the jump of the repro- 
ducing unit to the jump target position in the first method and starts outputting the data when the storing unit becomes 
lull after the jump of the reproducing unit in the second method. 

3S According to still another aspect of the present invention, there is provided an intormation recording apparatus 

including: a first unit tor dividing an information having a continuous contents into a plurality of third information pieces 
each of which is reproducible independently; a second unit for producing at least one related information piece related 
to a reproduction order and a reproduction method of second information pieces each of which is constituted by one 
or more of the third information piece; a third unit for producing at least one control information piece relating to a 

40 reproduction order and a reproduction method of first information pieces each of which is constituted by one or more 
o1 the second information piece; a fourth unit lor producing at least one jump reproduction method selection information 
piece indicating one of a plurality of jump reproduction methods: and a recording unit for recording the third information 
pieces, the related information pieces : the reproduction control information pieces and the jump reproduction method 
selection information pieces on an information recording medium. 

45 In accordance with the recording apparatus thus configured, the first unit divides an intormation having a continuous 

contents into a plurality of third information pieces each ot which is reproducible independently, and the second unit 
produces at least one related information piece related to a reproduction order and a reproduction method of second 
information pieces each of which is constituted by one or more ot the third information piece. The third unit produces 
at least one control information piece relating to a reproduction oider and a reproduction method of first information 

50 pieces each of which is constituted by one or more of the second information piece. The fourth unit produces at least 
one jump reproduction method selection information piece indicating one ot a plurality of jump reproduction methods. 
Then, the recording unit records the third information pieces, the related information pieces, the reproduction control 
information pieces and the jump reproduction method selection information pieces on an information recording medium. 
The nature, utility, and further leatures of this invention will be more clearly apparent Irom the following detailed 

5£ description with respect to preferred embodiments of the invention when read in conjunction with the accompanying 
drawings briefly described below. 



FIG. 1 is a diagram showing a physical structure of record information of a DVD as one embodiment of the present 
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invention; 

FIG 2 is a diagram showing Irame pictuies constructing a GOP. 
5 FIG. 3 is a diagram showing a logical siiucluie ot the record intormation ol the DVD in FIG 1. 

FIG. 4 is a diagram showing a structure ol an mlerleaved unit ot the DVD in FIG 1. 

FIG. 5 is a diagram illustrating a recording manner o1 interleave flags and angle change tlags on the DVD 

10 

FIG. 6 is a block diagram ot an intormation recoiding apparatus 1or recording the DVD in F IG. 1 . according to the 
present invention; 

FIG. 7 is a block diagram ot an intormation reproducing apparatus tor reproducing the DVD in FIG. 1 , as another 
is embodiment ot the present invention: 

FIGS. 8A and 8B are diagrams illustrating an operation ot reproducing a title having multiple versions. 

FIG. 9 is a diagram illustrating a transition ot data amount in a track butter shown in FIG. 7: 

20 

FIGS. 10A and 10B are diagrams illustrating operations ot reproducing interleaved units, 

FIG. 11 is a flowchart showing an operation ol reproducing interleaved units; 

2£ FIG. 1 2 is a flowchart showing a search operation. 

FIGS. 13A to 13D are diagrams illustrating transitions of data amount in the track bufier in search operations of 
various cases; 

30 FIGS. 14 to 17 are flowcharts showing reproduction operations at the time ol the search operations in various cases; 

FIGS. 18A and 18B are diagrams illustrating an operation of the angle change; 
FIG. 1 9 is a flowchart showing a reproduction operation at the time of the angle change: 

35 

FIGS. 20A and 20B are diagrams illustrating transitions o1 data amount in the track bufier at the time of the angle 
change: and 

FIGS. 21 and 22 are flowcharts showing reproduction operations at the time of the angle change. 

40 

Referring to the accompanying drawings, embodiments of the present invention will be now explained. The fol- 
lowing explanations will be done for the embodiments, in which the present invention is applied to the alorementioned 
DVD. 

In the following embodiment constitutional elements listed on a right hand side in e lollowing list respectively 
^5 construct examples ol constitutional elements of the present invention listed on a left hand side in the following list. 

First information piece: Cell 

Second information piece: Interleaved unit 

Third information piece VOB unit 

so Related information piece: DSI packet in navi-pack 

Reproduction control information piece: PGCI (ProGram Chain Information) 

Jump reproduction method selection information piece: Interleave information, Angle information 

[I] Embodiment of Information Record Medium 

SB 

First of all, a physical structure and a logical structure as well as an operation cf a DVD. as one embodiment of 
the information recording medium to which the present invention is applied, will be explained with reference lo FIG. 1 
At first, a recorc format of video information and audio intormation on the DVD (i e a physical record format) is 
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explained by use of FIG. 1 

As shown in FIG 1, a DVD 1 as Ihe pieseni embodimeni is piovided wilh a lead in aiea LI al its mosl mnei 
circumferential portion and a leadoul aieaLOai its most outei circumferential portion, belween which video intoimation 
and audio information aie lecoided such that they aie divided into a pluiality o! VTSs 3. each ot which has a unique 
ID (Identification) numbet (i.e. VTSSi toVTSttn) Heie, the VIS (Video Title Set) 3 is a set (bundle) ot titles (each o1 
which is one production oi one work which an author oi pioducei intends to oltei to the audience), which aie related 
to each other (e.g., which altiibute, such as the number the specification, the corresponding languages etc. ot audio 
and video streams is the same to each othei) Moie concretely, a plurality ot movies which are related to the same 
movie to each othei but which languages ol senls (lines) are ditlerent trom each othei may be recorded as ditfeient 
titles respectively, or even in case oi the same movies, the theater version and the special version may be lecoided 
as different titles respectively Ahead of the aiea where the VTSs 3 are lecorded, a video manager 2 is lecoided as 
shown in FIG. 1. As the information lecoided in the video manager 2, loi example, information lelated to the whole 
video and audio inloimation recorded on the DVD l . such as a menu tor accessing each title information loi pieventing 
an illegal copy, an access table foi diiectly accessing each title and so on, is recorded. 

One VTS 3 is recorded such that it is divided into a pluiality ol VOBs 10, each of which has an ID numbei (VOB 
!D#1 : VOB ID#2, ...), and conliol data 11 disposed ahead ot the VOBs 10. Here, a data portion constructed by a plurality 
of VOBs 10 is defined as a VOB set (VOBS) as shown in FIG. 1 . This VOB set is delined to distinguish the VOB 10, 
which constructs one portion o1 the VTS 3 as the substantial portion of the video and audio information, Iromthe contiol 
data 11, which constructs another portion o1 the VTS 3. 

In the control data 11 lecoided at the head of the VTS 3, inloimation such as PGCI (ProGiam Chain Inloimation) , 
which is vaiious information related to a program chain as a logical division obtained by combining a pluiality ot cells 
(the "cell" will be described later in detail), is recorded. In each VOB 10 ; the substantial portion ot the video and audio 
information (i.e. the video and audio information itself othei than control information) besides the control information 
are recorded. 

Further, one VOB 10 is constructed oi a plurality of cells 20, each of which has an ID number (cell IDttl , cell 
ID#2, ...). Here, one VOB 10 is constructed such that it is completed by the plurality ot cells 20 and that one cell 20 
does not strides over two VOBs 10. 

Nexlly, one cell 20 is constructed of a plurality of VOB units (VOBUs) 30, each of which has an ID numbei (VOBU31 , 
VOBU#2, ...). Here, the VOB unit 30 is an information unit, each of which includes the video information, the audio 
information and sub picture information (which is defined as information of a sub picture such as a subtitle of a movie 
etc.). Each cell includes a cell table 20a which prescribes a control information relating the reproduction of cell 20. 

One VOB unit 30 is provided with: a navi-pack (a navigation pack) 41 lor the control information; a video pack 42 
for the video information; an audio pack 43 for the audio information; and a sub picture pack 44 for the sub picture 
information. Here, in the video pack 42, a packet including the video data is recorded. In the audio pack 43, a packet 
including the audio data is recorded. Further, in the sub picture pack 44, a packet including graphics such as a character 
and a diagram as the sub picture, is recorded. In the video packs 42. which data amount is relatively large as shown 
in FIG. 1 , one or a plurality of GOPs are recorded within one VOB unit 30. The audio pack 43 and the sub picture pack 
44 are disposed intermittently between the video packs 42. It is prescribed by a standard specification of the DVD that 
there are 8 kinds of audio recordable on the DVD 1 while 32 kinds of sub picture recordable on the DVD 1. 

Further, there always exists the navi-pack 41 in one VOBU 30. On the other hand, there may not exist each of the 
video pack 42, the audio pack 43 and the sub picture pack 44 in one VOBU 30, or, even in case that these packs exist 
in one VOBU 30, the number of the packs and the order of the packs are freely determined. 

Finally, the navi-pack 41 is provided with: a DSI (Data Search Information) packet 51 including search information 
to search a video image or an audio sound desired to be displayed or sound-out putted (concretely, search information 
such as an address, where the video or audio to be displayed or sound-outputted is recorded, on the DVD 1); and a 
PCI (Presentation Control Information) packet 50 including information related to a display control at a time of displaying 
the video image or outputting the audio sound, which is searched on the basis of the information of the DSI packet 51 . 
Further, all video data included in one VOBU 30 consist of at least one GOP (Group Ot Pictures). In the PCI packet 
50, high light information, which defines a display or operation at a time when one selection item is selected out o1 
selection items by the audience, is included. By the high light information, for example, the change of the picture plane 
display as well as the display position to be changed with respect to the selection item selected on a special picture 
plane of selection items (i.e. a so-called menu picture plane) tor the audience to select, and the command corresponding 
to the selected item (i.e. a command to be performed in correspondence with the selected item) are set. 

The video information to construct and display a frame, a selection button and the like, which is required to construct 
and display the menu picture plane, is recorded in the sub picture pack 44 as the sub picture information. 

Further, the above described GOP is a minimum picture unit, which can be independently reproduced and which 
is determined by a standard based on the MPEG (Moving Picture Experts Group) 2 method. The MPEG 2 method is 
a picture compression method adopted at a time of recording the video information onto the DVD 1 in the present 
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embodiment 

Horr Ihe oiUltnf ol iho MFFG V mMhrr n explained Namely in ijr»r trial tiamr pictures forward and backward 
ot one frame picture in continuous frame picluiei are often resembled ic> each other and have mutual relationships. 
The MPEG 2 method is a method which is proposed by paying an altont.on to this tact, and which generates one 

5 frame pictuie existing between a pluiality ol liamo pictures on the basis ot the pluiality ol liame pictures transferred 
while they aie timely separated by a lew oi seveial liames trom each other, by means ot an interpolating calculation 
based on moving vectois etc ot the ongmal pictuie In this case, it this one liame pictuie is to be recorded, it is enough 
to just lecoid the mtoimalion as lot a ditleiential vectoi and a moving vecloi theieot with lespect to the plurality ot 
liame pictures, so as to repioduce this one tiame pictuie by estimating it tiom the pluiality ot frame pictures with 

io relemng to these vectors, at a time ot lepioduction. By this, the compression recoidmg is enabled with respect to the 
picture 

Further, the scheme ot the above explained GOP is explained with i defence to FIG 2 FIG. 2 shows an example 
of a plurality ot trame pictuies constituting one GOF: In FIG 2, a case wheie one GOF 52 consists of 12 frame pictures 
is illustrated (in the MPEG 2 method, the number o1 the trame pictures included in one GOP 52 is not fix«d), for example. 

i5 Among those frame pictures, a frame picture indicated by a refeience sign T is called as an I picture (Intra-coded 
picture), which is detined as a tiame pictuie able to be reproduced as a complete trame pictuie by use of its own picture 
information. A name picture indicated by a relerence sign "P" is called as a P picture (Predictive -coded picture), which 
is defined as a liame picture predicted or generated by decoding a diffei ence from a piedictive picture compensated 
and repioduced on the basis ol the already decoded I picture or other picture. A frame picture indicated by a reference 

?o sign "B" is called as a B picture (Bidireclionally Predictive-coded pictuie), which is defined as a frame picture predicted 
oi leproduced by use of not only the alieady decoded I pictuie oi P pictuie but also the I picture or P picture which is 
recorded on the optical disk timely in the future relative to the pertinent B picture. In FIG. 2 the relationship in the 
prediction (i.e the relationship in the compensation) between the icspective pictures aie indicated by arrows. 

The MPEG 2 method used in the DVD 1 of the present embodiment employs a variable rate method, in which the 

25 data amount included in each GOP is not constant. Namely, in case that the respective pictures included in one GOP 
52 correspond to a moving picture, which moving speed is rather fast and that the mutual relationship between the 
respective pictures is relatively small, the data amount constituting the respective pictures is increased, so thai the 
data amount included in one GOP 52 is also increased. On the other hand, in case that the respective pictures included 
in one GOP 52 correspond to a moving picture which moving speed is rather slow and that the mutual relationship 

30 between the respective pictures is relatively large, the data amounl constituting the respective pictures is decreased, 
so that the data amount included in one GOP 52 is also decreased. 

In the above explained record format having a hierarchical structuie as shown in FIG 1 . each division can be freely 
set according to the author's intention, so as to perform recording or, the basis of these set divisions. By performing 
the reproduction on the basis of a later described logical structure for each of these divisions, the variegated repro- 

35 duction can be performed. 

Nextly, a logical format (logical structure) constructed by combining the information recorded by the physical divi- 
sions shown in FIG. 1 is explained with relerence to FIG. 3. The information is not actually recorded on the DVD 1 in 
the logical structure of FIG. 3. Instead, information (e.g. access information or time information) to reproduce each 
data shown in FIG. 1 by combining them (especially combining the cells 20) in the logical structure shown in PIG. 3, 

40 is recorded on the DVD 1 , especially in the control data 11 . 

To make the explanation clear, the following explanation is made from the lower hierarchical layer in FIG. 3. One 
program 60 is logically constructed on the basis of the author's intention by selecting and combining a plurality of cells 
20 among the physical structures explained by use o1 FIG. 1. The program 60 is also a minimum logical unit, which 
division can be identified by a system controller of a reproducing apparatus described later and whichoan be accessed 

45 by use ot a command by the system controller. It is also possible tor the author to define a gathering of one or more 
programs 60 as a minimum unit, which can be freely selected to be watched or listened to by the audience and which 
is referred to as a PTT (PerT Of Title). 

Since one program 60 is logically constructed by selecting a plurality of cells 20. it is possible to use one cell 
commonly for a plurality of programs 60, namely to perform a so-called "alternative usage" of the cell 20 in which one 

50 cell 20 is reproduced in a plurality of differenl programs 60. 

Here, as for the number of each cell 20, at a time of treating ihe cell 20 on the physical format shown in FIG. 1 , 
the number is treated as the cell ID number (which is indicated by cell ID £ in FIG. 1 •. On the other hand, at a time of 
treating the cell 20 on the logical format shown in FIG. 3. the number is treated as the cell number in the order of 
description in the PGCI described later. 

55 Next, by combining a plurality of programs 60. one PGC (Program Cham) cl is logically constructed on the basis 

of the author's intention. The aforementioned PGCI (ProGram Chain Information) is defined by a unit of the PGC 61 . 
The PGCI includes information indicating: the reproduction order tor each program 60 at a time of reproducing each 
program 60 (by this reproduction order, a unique program number #2. .. ) is assignee to each program 60); the 
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reproduction oidei lor each celt 20 (by this lepiodudion oitiei, a unique cell numbei is assigned to each cell 20); an 
*f1<1ioss which is a lecoid position ol each cell 20 on Ihe DVD V the numbei ol the eel! 20 positioned ai ihe head ot 
one pioqiam 60 to be tiistly le produced, a lepi eduction method tor each program 60; and vanous commands (e.g. 
commands able to be speciiied by the authoi loi each PGC 61 oi each cell 20) . The lecoiding position ot the PGCI 
on the DVC i may be in the conliol data 11 as aloiementioned. oi in a control data (not illustrated) in the video manage i 
2 it the penment ^GCI is related lo the menu in the video manager 2 (refer to FIG. 1). 

in one PGC oi ihe substantial video and audio data etc. aie included as a combination ot the programs 60 (in 
ohci vvoio*^ mc combination ot the cells 20) other than the above mentioned PGCI. 

Fuithcj » one PGC 6i n is possible lo perform the alternative usage ol the cell 20 as explained belore in the 
c>pUrWKX» to* it e program 60 (i e such a usage that the same cell 20 is commonly used by a plurality o1 ditlerent 
PGC 6i i As the method o' icoioducing the cell 20 to be used, the author can select a method ol reproducing the cells 
20 m ^n oidc feondtcss d the recording order on the DVD 1 (i.e. the method ol reproducing the cells discontinuously 
rui^rqea t:>i cample the method ol lepioducing the ceil 20 pnor which is recorded posterior on the record track) 
oiner thnn rt n etr oo ot reproducing the cell 20 in the recording order on the record track on the DVD 1 as it is (i.e. the 
method ot icp ooucnQ the cells continuously arranged). 

I hen one iiiv* * toqic itty constructed ol one or a plurality ot PGCs 61 (PGC SI, PGC£2, ...) as shown in FIG. 
2 Ihe title o2 \» to- ••• ^ unit corresponding to one movie-, and is completed information which the author would 



like to o'tcr to t?>^ »v . 

Finrtlty ore V * • » 
3 The title 52 n<. ii>>»; t 
iiijvtc bjt in UiJiv«»-* - ; ... 
in FIG 3 coiresp;* • : * 
loqiOil \TC 03 t>r^ ~- * 

As the iiu'nc. .;•«• - 
dcocibcd logi:.ii i-. ' *• » " 

In the cxpL«r».»:,. » 
boon cxpUmcd sx? " , - 
the present cnbco* 
lh^ nvr> 1 Mv.v^ - ■ 

Nnmoly shr *v» - • 
numbers! 2 n net 4 
at a time o* rcpfoc!-.;. «•;**. 
numbers 1 2nnc4.ir. 
PGC 61 3 onty me c : 
it the cells 20 are icccvrv- : ■ 
from the record p:>s»:>_* 
the ID number 4 on in.* : 
matter f. is referred "C » 
tC number 4 rr.ny net i>- 

There I Ore in in-- 
arc cividcd into mien* : 
not destroy the cofT^r . *. ' 
Stopped in COrrcipC' ^ « 
1U each hrtvirg c. ten ;• 
to the track butter it- -i- 
case ot reproduc.ior. L r- 
the ID number 2 mo c 
the PGC 6lB. only th L - 
detected to be lepiuu^v ..-j 
a driving mechanism slk ? < 
buffer. 

In this manner by cvo 
author's intention, the , 
61 includina the cells ?0n.i. 



' :h? CVD 1 

;• .-"y constructed ot one or a plurality ot titles 62 (title #1, title #2, ...) as shown in FIG. 

n^ Hie attributes common lo each other. For example, the movies based on one 
t '4.»-«>d to the icspeclive titles 62. The inlormalion included in one VTS 63 shown 

- *» i^cJcd in one VTS 3 shown in FIG. 1. Namely, all information included in the 
-■■ . j.vj one VTS 3 in the DVD 1 shown in FIG. 1. 
• • n divided in the physical structure on the DVD 1 on the basis of the above 

■ - : » * . » y c m i the movie image) lor the audience lo watch is to be formed. 
- -..::tjctuie shown in FIG. 1, for the easy understanding of the content, it has 

». :oi w0 are recorded in the order o1 the ID numbers However, in the DVD 1 ot 

'^..iybe divided into a plurality ol interleaved units I U to be actually recorded on 

. - r. ,, >sumed that 1he author constructs one PGC 61 A ol the cells 20 having the ID 
■\ .-ir other PGC 61 B of the cells 20 having the ID numbers 1 , 3 and 4. In this case. 
» ' t:»on Irom the DVD 1 on the basis ol the PGC 61 A. only the cells having the ID 
.; ;■ while, at a time ol reproducing the inlormation from the DVD 1 on the basis ot the 

♦ . ; !hc ID numbers 1 , 3 and A are reproduced. In the case of the PGC 61 A for example, 

. a tiom each other for each ID number, a certain time period to jump the optical pickup 
. 20 having the I D number 2 on the DVD 1 lo the record position of the cell 20 having 
' required in the reproduction. This results in that the continuous reproduction (here- 
n-.irniess reproduction") of the cell 20 having the ID number 2 and the cell 20 having the 
depending on a capacity ot a track buffer ol the reproducing apparatus described later. 
. *^ m FiG. 4, the cell 20 having the ID number 2 and the cell having the ID number 3 
: it and are recorded by the interleaved units ILL each having a length, which does 
r :-;:put signal of the track buffer even if an input signal to the track buffer is temporarily 

* *n input and output processing speeds at the track buffer (i.e. the interleaved units 

• as the track butler to continuously output the output signal even if the input signal 
*• optcal pickup jumps for the interval ot one interleaved unit IU) For example, in 
i >C 6i A only the interleaved units IU constructing the cell 20 corresponding to 

. ooiectcd to be reproduced. In the same manner, in case of reproduction based on 
t.v-u Limtb iu constructing the cell 20 corresponding lo the ID number 3 are continuously 
i '_|t 1 1 of the interleaved unit IU may be determined with considering the capability of 

• i glider motor to perform the track jump, in addition to the memory capacity o1 the track 

i one cell 20 into a plurality of interleaved units IU and recording them according to the 
inputted from the track buffer can be continuous even at a time of reproducing the PGC 
• ; st c ciscontinuous ID numbers, so that it is possible tor the audience to watch continuous 



reproduction video imnac 

Each interleaved un.; kj r., completed in one VOB 10 : and does not stride over two adjacent VOBs 10. As for the 
relationship between thr- mtr-i^vnl unit IU and the VOB unit 30, one or a plurality of VOB units 30 are included in 
one interleaved unit IU Onr- VOS unit 30 is completed in one interleaved unit IU, and is not divided into a plurality of 
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mici leaved units. IU c>i does not strides ovoi a plurality ot interleaved units IU The reproduction technique of the inter- 
leaved units III if a characterise lealmr ol the present invention and henr e I he mote detailed description will be 
made later 

Since a DVD has. a lecoidmp capac ity large enough to recoid inlot trustor, ol not only a movie itselt but also the 

s sounds and/or subtitles ol the movie in many languages together on a single optical disk the atorementioned recording 
loimat may be advantageously applied to DVD 

Next, out ol the information having the above described physical and logical structure, the description will be 
particularly given o1 interleave informalion and angle change inloimation In the present invention, Ihe interleave in- 
formation and the angle change inloimation are recoided in the cell table 20a in cell 20 FIG 5 shows the manner ol 

'0 recording the interleave information and the angle change information in the cell table ?0a As shown, the interleave 
inloimation is recoided in the lorm of interleave flags IF 1 - IF3 The interleave flag IF i indicates whether or not the cell 
20 including the cell table 20a belongs to the VOB 10 which constitutes the interleaved unit IU The interleave flag IFl 
becomes "1 " i1 the cell 20 belongs to the VOB 10 which constitutes the interleaved unit IU and becomes "0* if the cell 
02 belongs to the VOB 10 which does not constitute the interleaved unit IU. The interleave flag IF2 indicates whether 

is or not the head o1 the cell 20 including the cell table 20a is coincident with the head ot the interleaved unit IU. The 
interleave flag IF 2 becomes "1" i1 they coincide and becomes "0" if they do not coincide. 1 he interleave flag IF3 indicates 
whether or not the head ot the cell 20 is positioned immediately prior to the VOB 10 which constitutes the interleaved 
unit IU. The interleave flag 1F3 becomes *f if the head ot cell 20 is positioned immediately prior to the VOB 10 con- 
stituting the interleaved unit IU and becomes "0" if it is not. Here, if the time length from the head of the cell 20 to the 

?o next VOB 10 is substantially equal to the reproduction lime of a minimum interleaved unit and the reproduction enters 
the interleaved unit immediately altei Ihe lepioduction of the time length of the minimum interleaved unit, it is deemed 
that the cell 20 locates immediately prior to the VOB 10 constituting the interleaved unit. 

Further, in the cell table 20a. the angle change flag AF used for the angle reproduction is recorded as the angle 
change information. The angle reproduction is such that plural pictures ot a unique scene taken from a plurality of 

?5 angles are recorded, and one of them selected by a user is reproduced. The detail ot the angle reproduction will be 
described later The angle change flag AF prescribes, as the reproduction method at the time of the angle change 
instructed by a user, whether the angle is switched with the seamless reproduction being ensured although the switching 
requires a certain time delay, or the angle is quickly switched although the reproduction becomes non-seamless. Spe- 
cilically, if the angle flag AF is "1", the angle change is performed in a seamless manner although it takes some time. 

30 it the angle change flag AF is "0", the angle change is made immediately afler the instruction thereof by the user 
although the reproduction becomes non-seamless. 

The interleave information and the angle change information described above are referred to at the time of search 
reproduction and the jump reproduction described later, and the reproduction apparatus performs an appropriate re- 
production control on the basts of the contents of those information. 

35 In the above description, the interleave information is recorded in the cell table 20a in the cell 20. However, the 

interleave information may be recorded in the DSI packet 51 in the navi-pack 41 within each VOBU 30 (see. FIG. 1). 
In such a case : the interleave information is recorded, not by the unit ot the cell 20, but by the unit of VOBU 30 constituting 
the cell 20. Also in this case, the interleave information is referred to at the time of search reproduction, and the repro- 
duction is performed on the basis ol the contents of the interleave information. Since the interleave information is 

40 described and set by a very small unit, it is advantageous for the search o1 an arbitrary time, for example. 

[II] Embodiment of Recording Apparatus 

Next, an embodiment o1 recording apparatus 1or recording the above mentioned control information, video infor- 
mation and audio information onto the DVD 1 will be explained with reference to FIG. 6. 

At first, a construction and an operation of the recording apparatus as the embodiment is explained with reference 
to FIG. 6. 

As shown in FIG. 6. a recording apparatus Si as the present embodiment is provided with: a VTR (Video Tape 
Recorder) 70; a memory 71 ; a signal process unit 71; a hard disk (HD) device 73; a hard disk (HD) device 74; a controller 
so 75; a multiplexer 76: a modulator 77; and a mastering device 7c. 

Nextly, an operation of the present embodiment is explained. 

Record information R, which is a raw material such as audio information, video information etc. to be recorded on 
the DVD 1 , is temporarily recorded in the VTR 70. Then, the record information R temporarily record in the VTR 70 is 
outputted to the signal process unit 72 by a request from the signal process unit 72. 
SB The signal process unit 72 applies an A'D (Analog to Digital) convening process and a signal compressing process 

to the record information R outputted from the VTR 70, and time-axis-multiplexes the audic information and the video 
information to output it as a compressed multiplexed signal Sr After that the compressed multiplexed signal Sr out- 
putted IhereUom is temporarily stored into the hare disk device 73 
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Along wilh this, the memory 71 classifies the tecord information R mlo a pluiality of partial record information Pr 
in advance and lempoianly stotes conient inloimation (elated lo the partial lecoid inloimation Pr which is inputted 
betoiehand on the basis ol a cue sheet SI. on which le product ion control inloimation are written. Then, the memory 
7i outputs it as a content information signal Si on the basis ot a leanest ttom the signal process unit 72. Here, the 

5 lepioduclion control inlormation is inloimation piesciibing how to combine and anange the above record inlormation 
R. based on the conception ot the author to constitute the title, and includes the PGCI to be recorded in the control 
data n and the vanous inloimation lo be lecoided in the video managei "1 he atoiemenlioned interleave information 
and angle change inlormation are included in the leproduction control inloimation 

Then, the signal piocess unit 72 geneiaies and outputs an access ml ot mat ion signal Sac corresponding to the 

to partial recoid intoimalion Pi with lelemng lo a time code Tl, on the basis ol the time code Tt corresponding to the 
lecoid inloimation R outputted liom the VTR 70 and the content inloimation signal Si outputted from the memory 71. 
Then, the access inloimation signal Sac is lempoianly sloied in the hard disk device 74. The above described processes 
aie perloimed wilh respecl to the whole lecoid inlormation R. 

When the above described processes aie tinished as lor the whole lecoid information R, the controller 75 reads 

is out the compressed multiplexed signal Si liom the hard disk device 73, leads out the access inlormation signal Sac 
trom the hard disk device 74, generates additional inlormation DA on the basis ol these lead out signals, and stores 
the additional inloimation DA into the haid disk device 74. This is because theie may be a control signal, which content 
is deteimined in dependence upon a geneiation lesult ol the compressed multiplexed signal Sr among various control 
signals Here, the reproduction contioi information including the interleave inloimation and the angle change inlorma- 

20 lion aie included in Ihe additional inloimation DA. On the other hand, the controllei 75 perlorms a time management 
foi each ot the operations ot the signal piocess unit 72. the hard disk device 73 and the hard disk device 74, and reads 
out the additional information DA from the haid disk device 74, so that the contioller 75 generates and outputs an 
additional information signal Sa corresponding to the read out additional information DA, and generates and outputs 
an information selection signal Sec to time-axis-multiplex the compiessed multiplexed signal Sr and the additional 

25 inlormation signal Sa. 

After that, the compressed multiplexed signal Sr and the additional information signal Sa are time-axis-multiplexed 
by the multiplexer 76 to be outputted as an inloimation added compiessed multiplexed Sap. 

Then, the modulator 77 adds an error correction code (ECC), such as a Reed Solomon code, and applies a mod- 
ulation such as an eight to sixleen (6-16) modulation with respect to the information added compressed multiplexed 
30 signal Sap ouiputled from the multiplexer 76, and generales and outputs a disk record signal Sm to the mastering 
device 76. 

Finally, the mastering device 7& records the disk record signal Sm to a stamper disk, which becomes a master (i. 
e. a cutting dye) for the production ol an optical disk. Then, by use of this stamper disk : an optical disk as a replica 
disk, which can be on sale in the general market, i.e. the DVD 1 , can be produced by a replication device not illustrated. 
35 in the manner described above, the reproduction control information, including the interleave information and the 

angle change information, is recorded on the DVD 1 according to the aforementioned physical structure. 

[Ill] Embodiment of Reproducing Apparatus 

40 Next, an embodiment of reproducing apparatus for reproducing the information recorded on the DVD 1 by the 

above mentioned recording apparatus will be explained with reference to FIGS. 7 to 22. 

At first, a construction and an operation olthe reproducing apparatus as the embodiment is explained with relerence 
to FIG. 7. 

As shown in FIG. 1 , a reproducing apparatus S2 as the present embodiment is provided with: an optical pickup 
45 80; a demodulate and correct unit 81 ; stream switches 82 and 84; a track butler 83; a system buffer 85; a demultiplexer 
66; a VBV (Video Butler Verifier) butler 87; a video decoder 8&; a sub picture butler 89; a sub picture decoder 90; a 
mixer 9l: an audio butler 92; an audio decoder 93; a PCI (Presentation Control Inlormation) buffer 94; a PCI decoder 
95; a high light buffer 96; a high light decodei 97: an input unit 96 a display unit 99: a system controller 100; a drive 
controller 101 : a spindle motoi 102; and a slider motor 103. The construction shown in FIG. 9 only illustrates the portions 
50 related to the video and audio reproduction of the reproducing apparatus S2. The description and the detailed expla- 
nation as for servo circuits to servo-control the optical pickup 60, the spindle motor 102, the slider motor 103 and the 
like are omitted since they are constructed in the same manner as the conventional arts. 
Nextly, an overall operation of the present embodiment is explained. 

The optical pickup 80 includes a laser diode, a polarization beam splitter, an objective lens, a photodetector and 
55 the like not illustrated, and irradiates a light beam B as a reproduction light with respect to the DVD 1. The optical 
pickup 80 receives a reflection light of the light beam B Irom the DVD 1 . and outputs a detection signal Sp corresponding 
to information pits lormed on the DVD 1 . At this time, the tracking servo control and the focus servo control are operated 
with respect to the objective lens etc. of the optical pickup 60 in the same manner as the conventional art so that the 
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light beam B can be mediated pierisHy nntr ih< minimal ion nark nl the DVD 1 and thai Ihe light beam H can b<* 
lor. used on tho inlormalion leroid surfer r ct It ir- MV1 » i 

The detection signal Sp oulpul'.od lrom ihe ojttc.al prkup 50 is, inputted to the demodulate and conert unit 51 
whcie n siqna demodulation piocess and an euoi conect piocess aie applied to rt tc generate a demodulation sipnal 

> Sdm which is outpulted to the siicam switch 6;. and the system butlei 85 

The opennq and closing opeiation ol the slieam switch 82, to which the demodulation signal Sdm is inputted, is 
contiolled by n switch signal Sswl liom the dnve contiollei 101 When it is closed, the stream switch 82 passes theie- 
thiouph the mputicd demodulation signal Sdm as it is to the liack butlei 83 When it is opened the demodulation sipnal 
Sdm is not ouputicd therethrough so thai unnecessary ot useless intormation (signal) is not inputled to the hack 

o buitci c3 

The track bur cr c3 to which the demodulation signal Sdm is inputted, consists ot a FIFO(F nst In Fust Out) memory, 
lof example lnc Irnck butter 83 temporarily stoies the inputted demodulation signal Sdm, and continuously outputs 
the s;oicd dcnxxJuUtion signal Sdm when the stream switch 84 is closed The track butler 83 compensates a ditleience 
or fluctuation r> me d^l-i amount between respective GOP under the MEPG 2 method, and continuously outputs the 

- A demodulation s«gn^ ! Scm wt-ich is discontmuously inputted due to a track jump m the aloiementioned seamless re- 
production m c^sc o» c-tamq the daia divided into the interleaved units IU, so as to avoid the interruption ot the 
reproduction cue \z ittc CJtvCOnimuily 

The opcnfTQ .vvj »:isr>q Doeintion ol the stream switch 84, to which the demodulation signal Sdm is continuously 
moulted is conn: n.-; 1 ■, a- m s«qrvii Ssw2 liom the system controller 100 such that the various butlers at its posterior 

'0 singe niriy nolLH.-i*»< - ■* *Mr».,> co*nrnry. may not become empty to slop lhe decoding process, in the separating 

piocci>:> by It i»j <>.♦« «.■■••— ( *n!»i unly at the time ot lepioduction after the search opeiation and the angle 
reproduction no*;*-' i- •* *•* %«^f-»h i epioduction, the system controller 1 00 appropriately opens and closes the 
st'eam swi'.chob -L-I - ■•••nj ut Mieam and downstream ot the track butter 83, respectively, to control the 

inout and output o* r«- *■ *■ • >»c octail ol this operation will be described later. 

?S On the oti- cr n. f *v ; . „.: ■ ••lo"'' ri, :c which the demodulation signal Sdm is inputted in parallel with the track 

bullor 63 accumuLt'. - ^.'^'joj ; the control data 11 of the VTS 3 and the like (refer to FIG. 1 ) which are 

detected firstly upo»* » :» . \ vt ,irrj which are related to the whole information recorded on the DVD 1 . Then, 
the system bufici rt — *; *•• »>■ ... . -unuintcd data as a control intormation Sc to the system controller 100, and tem- 
porarily stores tho [ * t - .\irr n^vi-pack 41 (refer to FIG. 1) as the occasion demands while reproducing 

30 the inlormalion in o /; .■ • «•«, mo ronirol inlormation Sc. In the present invention, 1he interleave intormalion and 

the angle inJomviho ■• .r* -<->xj m ihe ceil table 20a ol the cell 20. In addition, the interleave information may be 
recorded ir. the DS' ;,*•.•*.* uomo occasions However, in any cases, these information are supplied from the 
system bullcr 55 to m« •. » m.— ; stroller 100 as the control information Scand are stored in the RAM 100a. if necessary. 
The demultiplex.- • — * cn ine demodulation signal Sdm is continuously inputted through the stream switch 

35 &4 separates the vkj.: - «»-• yniion the audio inlormation, the sub picture information and the PCI packet 50 for each 
navi-pack £1 icspcci **■ tnc npjtted demodulation signal Sdm, and outputs them as a video signal Sv, a sub 
picture signal Ssp nn ^..r^i } Srtd and a PCI signal Spc respectively to the VBV butter 87, the sub picture buffer 

89 the audio butter -r i'k: ^- bu'ler 94 There may be a case where, in the demodulation signal Sdm, different 
streams ol the aud»c mi^* <>-. of the sub picture information in a plurality of different languages are included as the 

■to audio or sub piciure mr^rr m thai case, a desirable language is selected for the audio or sub picture information 

by a stream selects Sic from the system controller 100, so that the audio or sub picture information in the 

desirable langunqc t, c^*; o tne audio buffer 92 or the sub picture buffer 89. 

The VBV outicr r 7 a * * * the video signal Sv is inputted, consists of a FIFO memory, for example. The VBV 
butler 87 tempoir-.niy t,: v ood signal Sv and outputs it to the video decooer 58. The VBV buffer 57 compensates 

J* the dillerence or iiuct -j. «•:»■:* r :><^ aiM amount between respective pictures ot the video signal Sv compressed by the 
MPEG 2 method Tncr :?» vuoc sonni Sv in which the differences in the data amount are compensated, is outputted 
to the video decoder ~ nrvj e> oecooco by the MPEG 2 method to be outputted as a decoded video signal Svd to the 
mixer 9* . 

On the other hnmJ m- ^jb pictuie buffet 89, to which the sub picture signal Ssp is inputted, temporarily stores 
so the inputted sub picture &Kjn*-.i 3sp and outputs it to the sub picture decoder 90. The sub picture buffer 69 is to syn- 
chronize the sub picture iniorr-rviiion included in the sub picture signal Ssp with the video information corresponding 
to the sub picture ml or it*. i!»>^. ,ind to output it. Then, the sub picture signal Ssp synchronized with the video information 
is inputted to the sub piriurc decoder 90 and is decoded to be outputted as a decoded sub picture signal Sspd to the 
mixer 9" . 

ss In a case where the stt p*Muic sicna Ssp includes video information to construct a frame, a selection button etc. 

1or displaying the menu picture tUrc :hc sub picture decoder 90 changes a display condition of the selection button 
etc to be disp.ayed in tho ^ tl t, pirture signal Sspd on the basis of a high light control information Sen Irom the system 
controller 100 tc output it 
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The decoded video signal Svd oulputted lion* the video decodei 88 and the decoded sub picture signal Sspd 
out pulled liom the sub picture decodei 90 i which is in synchronization with the corresponding decoded video signnl 
Svd) are mixed together by the mixer 91. and are ouiputted as a linal video signal Svp to be displayed to a display 
device such as a CRT (Cathode Ray lube) device no; illustrated 
5 The audio butler 92, to which the audio signal Sad is inputted, consists ol a FIFO memory, lor example The audio 

butter 92 temporarily stores the audio signal Sad and outputs it to the audio decodei 93 The audio butlei 92 is to 
synchronize the audio signal Sad with the video signal Sv or the sub picture signal Ssp including the coiresponding 
video mlormalion and delays the audio signal Sad in accoi dance with the output condition ot the corresponding video 
rnlormation. Then, the audio signal Sad, which is time-adjusted to synchronize with the corresponding video mtoimation. 
to is oulputted to the audio decodei 93 Then, a predetermined decoding process is applied Ihereat to the audio signal 
Sad. and it is outputted as a decoded audio signal Sadd to a speakei etc not illustrated. II it is delected by the system 
controller 100 thai il is necessary to temporarily siop (pause) the audio voice in the reproduction immediately attei 
accessing a pause signal Sea is oulputted Irom the system controller 100 to the audio decodei 93, so that the output 
ol the decoded audio signal Sadd is slopped temporarily at the audio decoder 93. 
J5 The PCI bultcr 94, to which the PCI signal Spc is inputted, consists ot a FIFO memory, loi example. The PCI bultei 

9- temporarily stores the inputted PCI signal Spc and outputs it to the PCI decodei 95. The PCI buttei 94 is to syn- 
chronize me t-Ci packet 50, which is included in the PCI signal Spc, with the video mtoimation, the audio mtoimation 
anot-v? v,ut: picture rnlormation conespondinglothe PCI packet 50. and apply the PCI packet 50 to the video intormation 
rtna iii.- ii»o inen t orn the PCI signal Spc, which is synchronized with the corresponding the video intormation and 
20 iii.j i,... i'-rj uutici 94, a high light information included in the PCI packet 50 is separated oi extracted by the 

PC* ■.>-- ■ -i mo ib outputted as a high light signal Shi to the high light buttei 96. The portion ot the PCI packet 50 
ot-.. • !•. *• f.- r- i 3»v intormation is oulputted as a PCI inloimation signal Spci to the system controller 100. 

' • . • r r i)u«ci 96 to which the high light signal Shi is inputted, consists ol a FIFO memory, 1or example. The 
h» r • r " • • !r'npof."if ily stoies the inputted high light signal Shi and outputs it to the high light decodei 97. The 

2S h: r r • « in-ic compensate the high light signal Shi so as to precisely pertorm a change in the display 

cr- •• ■ »■ iiom which coi responds to the high light intormation, in correspondence with the sub picture 

s. r wo'., the video intormation lot the high light intormation. Then, the time-compensated high light 

v v , v . • r !?»e high light decoder 97, and the intormation included in the high light signal Shi is outputted 

,-»■.-. . v • f ... >n H l Shid to the system controller 100 Here, the system controller 100 outputs the alore- 
30 rr« ■••.»-•• r r ' •■ -.i signal Sch to change ihe display condition by the high light intormation, on the basis ot 
I*-. » •>-■'-- / ■ -. ri.il Shid. 

• • . virol mlormalion Sc inputted 1rom the system buffer 85, the PCI intormation signal Spci 
i* * . ...... > . CO er 95 and an input signal Sin inputted Irom the input unit 98 such as a remote controller 

iri - * utpuls the atorementioned switch signal Ssw2, the language selection signal Sic, the pause 

3S «,. r - :.*ni control signal Sch to correctly perlorm the reproduction corresponding to those input 

si y. . . ■ . . . .1 display signal Sdp to display an operation condition etc. ol the reproducing apparatus S2 

to:*' ** • • it the liquid crystal device. 

J . • , • roller 100 outputs a seamless control signal Scsl corresponding to the track jump process, 

tc !' • - ... • • • A*»cn it detects by the conuol signal Sc etc. that it is necessary 1o perform the track jump 

40 p t , , ■ . • order to pertorm the seamless reproduction. 

- • : ■ . ■ * -.o- iCi to which the seamless control signal Scsl is inputted, outputs a drive signal Sd to 
in- u •*• f>o biicer motor 103. By ihis drive signal Sd, the spindle motor 102 or the slider motor 103 

m:-v". .\ '■ < ; • » f0 such that the record position to be reproduced on the DVD 1 is irradiated with the light 
be.urrt". • .-■ -•• c s ri Die-ken line in FIG 9) and the spindle motor 102 CLV-controls (Constant Linear Velocity- 
45 conioT., < r-.- '\^i c: o» the DVD T. Along with this, the drive controller TOT outputs the atorementioned switch 
signal SjAi-jfi !' •• L-.i c,« :nc seamless control signal Scsl. so as to open the stream switch 62 when the demodulation 
signal Sa'n it, noi ou?&ut:co horn the demodulate and correct unit El while the optical pickup 60 is being moved, and 
so tu Lk.bc tin. bhC'1'ii bwiich 62 when ihe demodulation signal Sdm is started to be outputted, so that the demod- 
ulation bigi nl Sum is outputted to the track buttei 63. 



so 



I IV] Speciai Reproduction 

Next, out ol tnc operation ot the reproduction apparatus S2 : the search reproduction and the angle reproduction, 
which aie the charactenstic pans o1 the present invention, will be described below in more detail. 

(1) Reproduction ol multiple versions 

In DVD. it is possible io reproduce multiple contents (versions) ol pictures for a unique scene included in a title. 



11 



EP O 798 722 A2 



SponlicaHy one <it lhc- Japanoc*- vt-u t< >n riiia ihr* f: ngish veision mnv l-'- icpiodurori tci h unique movie piogram, or 
onn ol the rtdnh-fiiif nU-ri veistni: and Hit kirif -f mmlori version In* a unqut- pinryart may be reproduced In such a 
case Ihc CVL 1 .< luccided wilt not onlv the r.cninon pictures used in U»1h lhc adun-onenled version and the kinds- 
oriented version i ut also the exc lusivc pu turcb 1c i U.l adult -oriented vt u.iui j anc lhc kia^-oi lented version, respectively, 

5 m the loim ol dittcroni cells 20 Ir i addition theic arc also lecoided lhc- reproduction control inlormation tor the adult- 
oriented veision and the kinds-oriented version in the contiol data 1" as ditleienl and distinctive PGCs 61. Namely, 
the PGC 61 toi the adult-onented version piescnbes the repioduction oidei and other r.ontiol inlormation ot the pictures 
otthe common pictuies and the adult -onenied veision pictuies. andlhe PGC. 61 ot the kids-oriented version prescribes 
the leproduction oidei and othei contiol inloimation ol the common pictuict and the Kids-onented version pictures. At 

'0 the time ol reproduction, a user mstiucls the reproducing apparatus the veision to be icpioduced, and the reproducing 
apparatus reteis to the PGC 61 corresponding to the selected veision to rcpioducc the piogram. 

There are many reproduction manners in such cases, and the simplest one ot thorn is illustrated in FIGS. 8A and 
8B. In FIG. 6A. it is assumed that there is a movie piogram including thiee scenes, scene 1 to scene 3, and multiple 
versions are prepared lor the scene 2 In the case that the user has chosen the veision 1. the reproduction goes on 

'5 in the Older ot the cell 1. the cell 2, the cell rn 1 In the case that the user has chosen the version 2, the reproduction 
goes on in the oidei o1 the cell 1, the cell 3. the cell in 1 . The reproduction order ol the cells are recorded in the PGC 
61 as the leproduction contiol intoimation corresponding to the respective versions Heie. assuming that the cells 20 
are recorded successively as shown in FIG. 1 , in reproducing the veision 1 , the reproducing apparatus S2 reproduces 
the cell 1 and the cell 2 recorded on the DVD 1 and then jumps to the recording position ol the cell n+1 to reproduce 

to it m the mannei shown in FIG 6B. In practice, in response to the user's instruction the input unit 98 supplies the input 
signal Sin including the veision inlormation indicating the designated veision to the system controller 1O0. The system 
controller 100 responding to this, relers to the PGC 61 corresponding to the designated version, and supplies the 
seamless control signal Scsl to the diive contiollei 101. By this, the pickup BO reads the cells 20 prescribed by the 
PGC 61 in the prescribed order, and supplies the read data to the track butler 63. The track butter 83 outputs the video 
signal inputted thereto in the inputted order while accumulating the inputted video signal as the signal Sdm. The video 
signal is then displayed on a monitor or the like alter passing through the VBV butter 67, the video decoder 88 and so on. 

In the case ol reproducing the pictures ot a certain version seamlessly as shown in FIG. &B, the pickup 80 jumps 
to the recording position ot the cell n-n at the time tx after reading the data ot the cell 2 to its end, and then starts 
reading the cell n-» 1 At this time the time period needed to jump trom the end ot the cell 2 to the head of the cell n+1 

30 is defined as a jumping time period Tj. During the jump, the stream switch &2 is kept open and the pickup 80 does not 
read data, and hence the track buffer £3 continues outpuiting the data although the data input is absent. Therefore, if 
the jumping time period Tj is too long, the track buffer 63 outputs all accumulated data without data input and becomes 
empty (this phenomenon is called as "the underflow of the buffer"). As a result, the output data breaks and the seamless 
reproduction becomes impossible. 

3£ Now, assuming that the bit late ol the input data to the track buffer E3 is Rin (bps) and the bit rate of the output 

data trom the track butler 63 is Rout (bps), the input bit rate Rin must be larger than the output bit rate Rout, i.e., Rin 
> Rout, in order to avoid the data underflow. FIG. & shows the transition of the accumulated data amount in the track 
buffer 83 against time during the jumping time period Tj. In FIG. 9, it is assumed that the track buffer 63 is filled with 
data (i.e., full of data) just before the track jump. i.e., at time tx : and that the size (capacity) of the track buffer 83 is B. 

*o Since the data is no; inputted during the jumping time period Tj (i.e., Rin = 0), the data amount in the track buffer 83 
gradually decreases at the output bit rate Rout es shown in FIG. 9. Accordingly, the following is the condition to repro- 
duce cells 20 seamlessly before and after the track jump: 



Tj < (B/Rout). 

Therefore, the capacity B of the track buffer &3 should satisfy the lollowing condition 



B > Rout x Tj. 

For example, assuming that the output bit rate Rout is E Mbps and the jumping time period Tj is 1 second, the track 
buffer 83 should have the capacity B larger than 8 Mbits. 

In this view, as shewn in FIG. A, a single cell 20 is divided into multiple interleaved units IU and recorded on the 
DVD 1 . By this, the distance from the jump star position to the jump end position is reouced. as shown in FIG. 10A, 
to reduce the jumping time period Tju i< T i) . thereby enabling the size (capacity) B ol the track buffer 83 to be smaller. 
FIG 10B shows the transition o* the data amount in the track buffer £3 in such a case In FIG. 10B, the track jump 
begins at the time ty and the data in the track buffer 83 gradually decreases at the output bit rate Flout during the 
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jumping time penod Tju because no inpul data is supplied to the tiacl- buttei 83 However by determining the size ot 
the hack bullei 83 to salisly the condition Tju - B / Rout, the data lemams in the tiack bullet 83 during the track jump. 
When the tiack jump is linished, the data in the tiack bullei 63 starts increasing at the bit late (Rin - Rout) because 
the pickup 80 starts ?eadma the data in the cell 20 to which the pickup SO has jumped Assuming that the reading time 
s period Tiu loi leading the cell is Tiu - B / (Rm • Rout) , toi the simplicity's sake, the tiack buttei 83 becomes lull by 
the time ty2 at which the next tiack tump begins, and the opeiation continues in the same way. Therelore, the track 
bullei 83 does not lesult in the data underflow From the above examination, the fallowing is the condition to avoid the 
underllow ol the tiack bullei 83: 

to 

Tiu > B/ (Rin - Rout) (1), 



and 



Tju < B / Rout 



(2). 



In the case wheie Tiu > B / (Rin - Roui) : the track buller 83 becomes lull by the end ol the reading time period Tiu. 
In such case, the data input to the tiack butler 63 may be temporarily paused and restarted alter a certain amount ol 

20 data has oulputted. During Ihe pause of the data input to the track bullei 83, the pickup lepeats the track jump operation 
at the same position in a waiting mode, and starts reading the data from the position just alter the position where the 
data input is paused when the certain amount of data has outputted. By this, the track buffer 83 can output data 
successively without the overflow The above operation may be achieved by controlling the drive controller 101 to 
control the opening and closing ol the stream switch 62 and the position ol the pickup 80. 

25 Next, the repiocuciion method of the cells 20 interleaved will be described. 

In the DSI packet 51 in ihe navi-pack 41 which is located at the head of the VOBU 30 in the interleaved unit IU, 
there are recorded an end address Ae of the interleaved unit IU (hereinafter also referred to simply as "end address 
Ae") and a start address As of the next interleaved unit IU (hereinafter also referred to simply as "start address As") 
according to the same version as ihe telative positional values from the navi-pack 41 . Therefore, by referring to the 

30 address information, the seamless reproduction for successively reproducing the interleaved units IU of the same 
version may be achieved. It is noted that, as the end address Ae and the start address As, special values "0" and "1 " 
are described, respectively, il the VOBU 30 is not included in the interleaved unit IU. 

FIG. 11 is a flowchart illustrating the reproduction method in this case. First, when the pickup 80 reaches the cell 
20 which is constituted by the interleaved units IU, the system controller 100 acquires the interleaved unit end address 

35 Ae and the start address As of the next interleaved unit IU from the DSI data in the navi-pack 41 (Step SI ). Then, the 
system controller 100 acquires the current reading address Ap (step S2), and judges whether or not the current reading 
address is equal to the end ol the cell 20 (step S3). It it is not the end ol the cell 20, the system controller 100 judges 
whether or not the end address Ae is larger than the current reading address Ap (step S4), and, if YES, returns to step 
S2. Namely, by steps S2 to S4 : the reading ot the recorded data is continued until the current reading address Ap 

40 reaches the end of the cell 20 or the end address Ae of the present interleaved unit IU. If it is judged that the current 
reading address Ap reaches the end of the cell 20 (step S3:YES) : it is judged whether or not there exists a next cell 
20 (step S8). I! YES : the next c ell 20 is reproduced in the same manner (step S9). II it is judged that the current reading 
address reaches the end of the interleaved unit IU (step S4:NO) : the system controller 100 pauses the data input to 
the track butler 63 (step S5). jumps to the start address As ol the next interleaved unit IU (step S6) and restarts the 

45 data inputs to the track butler E"3 (step S7). By lepeating these steps : the interleaved units IU may be reproduced in 
the seamless manner. Although one interleaved unit IU is constituted by one cell 20 in the above example, the inter- 
leaved unit IU may be consliiuted by plural cells 20. In that case, the border of the cells 20 may be positioned at the 
head of the interleaved unit IU or the middle of the interleaved unit IU. 

so (2) Reproduction method in search operation 

Next, the reproduction in the search operation will be described below First the types of the search operation 
instructed by a user will be described. There are two types o1 search operations, a part of title search and a time search, 
in the search operation performed during the reproduction of the title. 
S£ The part of title (hereinafter referred to as "PTT") recorded on the DVD 1 is identified by the PGC number and the 

program number as described above. In the PTT search, when a user inputs the number of the PTT via the input unit 
96, the system controller 100 obtains the PGC number and the program number from the inputted PTT number. Then, 
the system controller 100 obtains the corresponding PGCI and recognizes the address of the head cell 20 in the PTT 
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(progiam) Then ihe system ronliclltM 1 C»C* « cum hi lot Hk henri addiess (i e the pickuj hO jumps lo the addio; : > 
to restart ihe reproduction 

On the olhei hand, the time search is peMoimed us ing a time search map which is iecoidcd in Ihe DVD 1 On the 
time seaich map the head addicsses o1 ihe VC Bi s 30 at every unit nme aie lecorded Whci. a user inputs a seaich 

s laigel time via the input unit 95 the system controllei 101 obtains It ie time addiess which is pnoi lo and closest to the 
seaich target time and starts the seaich opeiaiioi;. i c jumping to the address In the navi-pack 41 lecorded in the 
VOBU 30 ot the seaich target the addiesses ol some VOBUs 30 beloie and after the seaich target VOBU 30 are 
recoided by the unit of 0.5 second and the syslem controller 100 turther makes more precise search on the shortei 
time basis using those addresses betoie ieslarling the reproduction In both search methods the search operation is 

io periormed on the VOBU 30 basis It is noted lhat in the lollowing description, the jump opetation ol the pickup 60 toi 
reproducing the interleaved units will be simply rcteired to as "jump" and the jump operation for the search operation 
or the angle change operation (described later ) will be leterred lo as "search jump" and "angle change jump", respec- 
tively 

Next the reproduction methods in the seaich operation will be described. The search operation may take place 
is in the lollowing tour ditlerenl cases 

CASb l Search to the area which does not constnute the interleaved unit, 

CASE 2 Search to the head ot the mier leaved unit. 

CASE 3 Scorch to the middle ot the mlerleaved unit and 

20 CASE 4 Search io the position immedialely puoi to the interleaved unit. 

Tr -; ' o 3:fic'ent cortrols should be periormed in each case 1or an appropriate search operation. This is because, 
in- .lis . ^muhton slate ot the track butler 63 varies dependenlly upon the position ot the search target addiess 
ii. . v ; i . 'K3 hence an appropriate operation should be made in order to avoid the data underflow in the track 
b,/* - - . "Vrji^ performed in each case will be described below. 

a .» » w.,..' r »o mo area which does not constitute the interleaved unit 

" ... «s ~A+* *is the condition that the input bit rate Rin of the track buffer 83 is larger than the output bit 

frt -. ^-4 ^ v-«tr>ticd the data may be read out 1rom the track buffer 83 immediately after the track jump 

. • - n *»- »t.ifi iihisirating the operation in this case In FIG 12, when the search command is inputted by 
30 * ... . -hoi 100 controls the stream swiich 82 to stop the data input to the track buffer 83 (step Si), 

. , -Cdm switch 84 to slop the data output from the track buffer 83 (step Si 2). Then, the system 

i * p^tn-.er indicating the current reading position by the pickup 80 (step Si 3), and searches tor 

v - j- • -.^o the search jump to there (step Si 4). After the search jump to the target address, the system 

c t - • • « i--. a-»*.ri input to the track buffer 83 (step Sl5), starts reading the data at the VOBU 30 (step 
■3S s v ; , . .j'ren- reading address Ap (step S17). Then ; the system controller 100 judges whether or not 

r- -. * • ; t >:»o* s Ap thus acquired reaches the end of the cell 20 (step SIS), and, if YES, judges whether 
c • • • . i - • i' ceil 20 (step SI 9). If the next cell exists (step S19:YES), the system controller 100 executes 

tr. •! ; ' \ ■* ' • . n.:»! cell in the same manner (step S20). If the next cell does not exist (step S19:N0), the 

pr.. . . .-ur_ if .. * t-, tnc search operation is periormed 
40 i » • a-. • !:.insii»on of the data amount in the track buffer 83 after the search operation, i.e., after the 

s«..i-.' irxi. • costior. Since the pointer of the reading position has been reset, the track buffer 63 becomes 

i '*■: !v **'on ire search operation is finished (time tO). Thereafter the data in the track buffer 63 begins 

tc in-. ic.iv: .»• '-it«: of Rin - Rout). Although the track buffer 83 becomes lull in a while, the system controller 100 
tcuc<i*cGi\ p^iuse^ tru: aii.i moul to the track butler B3 temporarily to avoid the data overflow, as described above, until 
h retain nrnouni o» ib ouipulted. In this way. the seamless reproduction is achieved. 



CASE 2 Search io tnc hend ot the interleaved unit 



M this Crtbe ifn>otrir rtb the conditions (1 ) and (2) described above are satisfied, the track buffer 83 does not cause 
underflow FiG 14 is a flowchart illustrating the operation in this case. In FIG. 14 : steps S21 to S26 are the same as 
steps Sii to Si 6 m TIC 12 Namely, the pickup 80 makes the search jump to the target address in response to the 
search instrucnon by the user, and then starts reading data from the head of the interleaved unit which is the target 
pomi ot the search Spccilically. the end address Ac o1 the present interleaved unit and the start address As of the next 
interleaved unit are road cut. and the reproduction is continued until the pickup 80 reaches the end o1 the cell or the 
end ol the interleaved unit Wnen reaching the end of the interleaved unit, the pickup 80 jumps tc the next interleaved 
unit When reaching the end of the cell the pickup 80 reproduces tne next cell 20. Although this operation is executed 
in sieps S27 to S35 the detailed description thereof will be omitted because they are the same as steps Si to S9 of 
FIG 11 
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FIG 13B shows the transition ot the data amount in the track buttei £-3 on ihe assumption that the reading time 
period is Ttu = B / (Rin - Rout) As shown the data is accumulated in the tiack buttei S3 al the late ol (Rin - Rout) after 
the seaich opeiation. and the track buttei 6^ becomes lull betoie the timing tl ot Ihe next jump. Although the data in 
the Hack buttei 63 decreases at the iate ol Rout during the jump lime period Tju the data accumulation in the track 
s buttei 63 begins at the rateol t'Rrn - Rout) attei the end (lime 12) ol Ihe jumping time penod Tju. Therefore the seamless 
reproduction can be achieved without underflow 

CASE 3: Seaich to the middle ot the rr.terleaved unit 

70 In the above-mentioned CASEs 1 and 2 the track butler S3 becomes lull during Ihe reproduction ol Ihe interleaved 

unit liom its head position toils end position, msoiai as Ihe aforementioned conditions (1 ) and (2) are satisfied. However, 
il the target point o1 ihe seaich operation is in the middle ol the inteileaved unit, there may be a case, il Ihe distance 
from the laigel position to the end ol the inteileaved unit is short, that the pickup 60 must jump to the next interleaved 
unit belore the track butler 63 becomes full. FIG. 1 3C shows the transition ot the data amount in the track buffer 83 in 

is such a case. In FIG. 13C, Ihe liack buller 63 is empty when the seaich opeiation is finished, and then the data in the 
track buttei 63 gradually increases at the rate ot (Rin - Rout) up to the end ot the interleaved unit. However, since the 
position anived by the seaich jump is in the middle ol the interleaved unit, the pickup 80 reaches the end ot the 
interleaved unit betoie ihe track buttei 63 becomes lull and must jump to the next interleaved unit at the time 11. Since 
the track butler 63 is not full at the jump time n, the track butler outputs all data accumulated therein and becomes 

20 empty (at lime 12) belore the jump is finished, i.e., during the jumping time period Tju, thereby causing the data underflow 
(see. the hatched portion in FIG. 13C). Due to the underflow, the seamless repioduction cannot be achieved. 

As a countermeasure to overcome such a problem, there is a technique in which the reproduction from the target 
position leached by the seaich jump is postponed until the track bullei 63 becomes full. Namely, the system controller 
100 does not start the reproduction until the track butter becomes full, alter the search operation. FIG. 13D shows the 

2B transition ol the data amount in the track butter 63 by this technique. In FIG. 13D, since the track buffer S3 does not 
start outputting the data immediately at the time 10 when the search jump is linished, the data is accumulated in the 
track butlei 63 at the rate of Rin until it becomes full at the time tl. When the track buffer 63 becomes full at the time 
tl , it starts outputting the data. By this, the underflow ot the data can be avoided. II the timing of next track jump arrives 
before the track butter 63 becomes full, the syslem controller 100 pauses the data input to the track buffer 83. makes 

30 jump and then restarts the data input to the track butler B3. Also in this case, the data output is postponed until the 
track butter 63 becomes full. 

FIG. 1 5 is a flowchart illustrating the reproduction method described above, that is. lor the case where the search 
jump to the middle of the interleaved unit is performed. When the user inputs the search command, the system controller 
100 stops the data input to the track butler 63, performs the search jump., and restarts the data input to the track buffer 

35 63 to accumulate the data therein (steps S41 to S45). However, at this timing, the data output from the track buffer 83 
is still kept stopped. Then, the system controller 100 acquires the end address Ae of the interleaved unit and the start 
address of the next interleaved unit As (step S46) : and judges whether or not the track buffer becomes full (step S47). 
II the track butter becomes full, the system controller 100 starts the data output Irom the track buffer 83 (step S48). If 
the track buffer 63 is not full yet, the system controller 100 acquires the current reading address Ap (step S49). and 

40 continues the reading until the current reading address Ap reaches the end of the cell or the end of the interleaved unit 
(Steps S50 and S51). If the current reading address Ap reaches the end of the cell, then the system controller 100 
reproduces the next cell (step S55). On the other hand, if the current reading address Ap reaches the end of the 
interleaved unit, the pickup 80 jumps to the next interleaved unit (steps S652 to £54). It is noted that steps S41 to S45 
are the same as steps Sit to Si 5 of FIG. 12, and the steps S46 to S56 are the same as steps S1 to S9 of FIG. 11 

45 - except for steps S47 and S46 being added. In this way, the seamless reproduction can be achieved, although the start 
of the reproduction after the search operation is delayed for some time. 

CASE 4: Search to the position immediately piior to the interleaved unit 

so Also in this case, there may be a case where the jump timing to the next interleaved unit arrives soon after the 

finish of the search jump, and the seamless reproduction can not be perlormed. Therefore, in this CASE 4, the repro- 
duction of the data etter the search operation is postponed until the track buffer 63 becomes lull. 

FIG. 16 is a flowchart illustrating the search operation to just priot to the interleaved unit. In this case, the process 
same as steps S41 to S4£ of FIG. IE is perlormed (steps S6l to S65) : and the pickup 60 enters the interleaved unit 

5£ after the process ol steps S66 to S6£. "thereafter the process same as steps S46 to S56 of FIG. 15 is perlormed (steps 
S69 to S79). 

As described above, there may be four cases, CASE 1 to CASE 4, in which the search operation takes place, and 
the seamless reproduction is ensured in the CASE s 1 and 2 without problem. On the other hand, in the CASEs 3 and 
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4. in addition to the aloiemeniioiH'ri rnr-lhodi in whir h It if ir-piodui lit»n is postponed unt. I W .v 1'hck buttt t b3 become: 
lull, there may be anolher mclhfjri in which it if u pTwliinmn if, immediately started like the CAF.f f. 1 and V although 
the data underflow may take place According lo the inf ihocfc described in the CASEs 3and4 the underflow is. avoided, 
however, the start ol the reproduction alter if it* tea/ch operation it delayed Concretely the total requued lime 1 tiom 
£ the input ol the seaich command by the usoi to the start oi the iepioduction o1 the pictures al the search target position 
(i.e., alter the search jump) is 

1 - i jump my lime period *■ 

to 

(lirne required toi the track butter to become full) 

Assuming lhat the data input rate Rin - 11 Mbps the capacity o1 the track butter B - 3 Mbit, and the jumping time period 
Tj = 0.25 second, the total time 1 is 

is 

T = 0 25 h 3/11—0 52 second. 

and the total time foi search opeialton becomes twice oi more of the lime required lor the jump operation. Therelore. 
?0 if the method in which the data in the track buflei 83 is read out immediately after the seaich operation is applied to 
all the CASEs 1 to 4, the underflow may occur, although the total search time T is reduced. On the other hand, il the 
method in which the reproduction of the data is postponed until the track buffer 83 becomes full is applied to all of the 
CASEs 1 to 4, the total search time always becomes long, although the underflow can be avoided and seamless 
reproduction can be achieved. 

?5 In view of this, in the present invention, information as to which CASE the target cell of the search operation is 

classified is recorded in the cell table 20a in each cell 20 or the DSI data 51 in the VOBU 30 as the interleave information. 
The system controller 100 reads this information first, and then determines the reproduction method. 

FIG. 17 is a flowchart illustrating this method. When the user inputs the search command, the system controller 
100 slops the data input and the data output 1o and from the t rack butler 83, performs the search jump, and then restarts 

30 the data input to the track buffer 63 to accumulate the data in the track bufler (steps S81 to S85). Then, the system 
controller 100 checks the interleave flag (steps S66 to S88). If both of the interleave flag 1 and the interleave flag 3 
are "0*, it corresponds to the CASE 1, and hence the system controller 100 carries out the process A (steps S16 to 
S20) shown in FIG. 12. If the interleave flag 1 is "0" and the interleave flag 3 is "I", it corresponds to the CASE 4, and 
hence the system controller 100 carries out the process D shown in FIG. 16 (steps S66 to S79). If the interleave flag 

3S i is "1 " and the interleave flag 2 is "0", it corresponds to the CASE 3, and hence the system controller 100 carries out 
the process C shown in FIG. 15 (steps S46 to £56). 11 both of the interleave flag 1 and the interleave flag 2 are *1 ", it 
corresponds to the CASE 2, and hence the system controller 100 carries out the process B shown in FIG. 14 (steps 
S26 lo S35). 

With this treatment, in the case of search operation to the cell which does not constitute interleaved unit (and 
40 further the target position is not immediately before the interleaved unit), or in the case of search to the head of the 
interleaved unit, the data output from the track buffer is started immediately after the finish of the search operation and 
hence the time delay of the reproduction may be minimized. On the other hand, in the case of search to the middle of 
the interleaved unit or to the position just before the interleaved unit, the reproduction is postponed until the track bufler 
83 becomes full, and hence the underflow of the tack buffer 83 may be prevented. 
<?s As described above, the interleave information may be recorded in the cell table 20a in the cell, or in the DSI data 

51 in the VOBU 30. If the interleave information is recorded in the cell table 20a, the time delay of the reproduction 
from the search instruction may be surely reduced in the PTT search. However, in the case of time search, there may 
be a case where the interleave information can not be read because the target position ol the time search is not always 
the head of the cell 20. In such a case, the reproduction may be postponed until the track buffer becomes full On the 
so other hand, if the interleave information is recorded in the DSI data 51 on the VOBU 30, the time delay may be surely 
reduced in both PTT search end the time search because the interleave information in the VOBU 30 can be acquired 
after the search operation. 

(3) Reproduction method at the time of angle change 

55 

Next, the reproduction method at the time of the angle change will be described The angle reprocuctior is a 
reproduction method in which multiple pictures for a unique scene taken from diflerent views are recorded and the 
reproducing apparatus reproduces one of them according to the user's selection The angle change is tc change the 
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selection of the angle. 

FIG ISA shows an example ol the angle change As shown, at Ihe scene 2 following the scene l r there are 
prepared multiple pictures taken liom dilleient camera angles and they are recorded in the cell 2 and the cell 3. re- 
spectively. The user can select one ol the cells 2 and 3 at the scene 2 to be reproduced In this case, the jump opeiation 

B is performed in the manner shown in FIG 18B Namely, assuming that the user has selected the angle ol cell 2 at the 
scene 2. the system controllei 100 lepioduces the cell 1 and cell 2(a), and then jumps to the next cell 2(b). Here, it the 
user inputs a command loi changing the angle (angle change instruction), the system contioller 100 lepioduces the 
cell 2(b) to the end thereoi, and jumps to the cell 3(c) and lepioduces it In this way, the angle change is performed 
The angle change instruction is inputted to the lepioducing apparatus S2 via the input unit 98, such as a lemole 

to controller or the like, by the user. 

In order to perform the angle change in a seamless manner, the jump should be made atlei the track bullei B3 
becomes lull. Therefore, the jump start position should be the end ot the interleaved unit and the jump end position 
should be the head ot the intei leaved unit. Further, it is lequiied that that the atorementioned conditions (1) and (2) 
are salislied tor all jump operations. The jump target addiessallhetimeot the angle change is iecorded in the lespective 

'5 navi-packs 41 . 

FIG. 19 is a tlowchart illustialmg the opeiation o1 the seamless lepioduction at the time ot the angle change. First, 
in the normal reproduction, the system contioller 100 acquires the end address Ae ot the interleaved unit, the stan 
address As ol the next interleaved unit, and all jump taiget addiesses (step S91 ), and sets the start address As to the 
jump target address register Aj (step S92). Then, the system contioller 100 judges whether or not the angle change 

20 instruction is inputted (step S93). II it is not inputled, the system controllei 100 acquiies the cunenl leading addiess 
Ap (step S96), and continues the lepioduction until the pickup 80 leaches the end of the cell oi the endol the interleaved 
unit. If the pickup 80 reaches the end of the cell or the interleaved unit, the pickup jumps to the next interleaved unit 
(steps S98 to Si 01 ). If Ihe pickup 80 reaches ihe end ol the cell, the next cell is reproduced (steps Si 02 to Si 03). On 
the other hand,, it the angle change instruction is delected in step S93, the angle m alter the change is stored in the 

2S angle register As in the system controller 100 (step S94) and the next jump target addiess in the changed angle m is 
set to the jump target address register Aj (step S95). By this, the pickup 80 jumps to the head of the next interleaved 
unit belonging to the changed angle m in step S100. 

FIG. 20A shows the transition of the data amount in the track buffer during the operation described above. When 
the search operation ends at the time 10, the data is accumulated in the track butler 83 at the rate ot (Rin - Rout) until 

30 the time 11. At the time 1 , a normal jump operation is performed, and the reproduction of the next inteileaved unit starts 
at the time t2. If the angle change instruction is inputted at the time t3, the data is accumulated in the track buffer 83 
until the time t4, and then the angle change jump is carried out. After the time 15, the reproduction is performed for the 
changed angle. 

As can be understood from the above description., the start position of the angle change jump must be the end o1 

ss the interleaved unit in order to perform seamless reproduction. Therefore, the system controller 100 should wait for a 
time period corresponding to the reproduction time of one interleaved unit at the maximum before making the angle 
change jump. Assuming that the capacity B of the track buffer 83 is 3 Mbit, the data input rate Rin = 11 Mbps, and the 
data output rate Rout, it takes 3/(11 -8) =1.0 second to actually start the angle change jump. However, in some cases, 
the user does not wish the seamless reproduction i1 the angle change operation takes relatively long time. For example, 

40 in the case of the camera angle change in a sports game program : it may be desired that the angle is rapidly changed 
in response to the angle change instruction even if the picture may be stopped for a while, i.e. , the reproduction becomes 
non-seamless. Indeed, the user sometimes feels that such a non-seamless reproduction is more natural and comfort- 
able compared with the case that the angle change takes relatively long time period. 

For this reason, there is a method of non-seamless reproduction at the time ot angle change. Namely instead of 

45 the seamless reproduction, the angle change is quickly made in response to the user's angle change instruction. FIG. 
21 shows the reproduction operation ot this method. In FIG. 21, steps Sin to S121 are the same as steps S91 to 
Si 01 in FIG. 19, and therelore the description will be omitted. In this reproduction method, when the angle change 
instruction is detected in step Si 13, the angle m after the change is stored in the angle register Aa of the system 
controller 100 (step Si 22), and the jump target address according to the changed angle m is set to the jump target 

so address register Aj (step SI 23). By this, the jump target address becomes the head address of the next interleaved 
unit belonging to the angle m alter the change. Thereafter, the data input and the data output are stopped (steps Si 24 
and Si 25) to immediately make the angle change jump. Then, the track buffer pointer is reset (step S126) and the 
pickup 80 jumps to the target address Aj (step Si 27). When the angle change jump is finished, the data input to the 
track buffer 83 is restarted (step S128), and the data output from the track buffer 8C- is restarted (step S129). In this 
manner, the angle change jump is immediately pedormed after the angle change instruction from the user. 

FIG. 20B shows the transition of the data amount in the track buffer 83 during the above described operation. 
Before the angle change instruction is inputted at the time IS, the transition of the data amount is the same as the case 
of FIG. 20A. When the angle change instruction is inputted, the system controller 100 immediately resets the track 
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butler pomtei and m^kos the- anpli citing* imp iJunng the angle * h.i'ige jump i t liom lime t3 to 14. the picture 
just holme the input r»1 Uic angle r.h^nn* ii.'.liur ttr m is. r.onlmuously display* ri Wlifn inr - angle change jump islinished 
al the lime 14 the data is reprodut c-ri Iic.iti ihe head o1 ihe interleaved unil ot the jump laipet position 

As describee above thcie aic lwc» it production methods at the linn- ol angle change One method reproduces 

s the pictuies seamlessly, howevei it ic start ol the lepioduction is delayed The ottir-i method leproduces the pictures 
immediately attei the angle change instruction liom the user, howevei the icpioduction is non-seamless. It isprelerabie 
thai the aulhoi oi the producer can deleimme as lo which melhod should be selected in consideration ol the contents 
ol the tille recoided on the DVD i Theielorc. as described above, the angle change- flag AF. designating one ol the 
above-mentionec two methods, is recorded in Ihe cell table 20a in ihe cell 20 as the angle change information. In 

io repioduclion. the system controller 100 determines one ot the reproduction method by relemng to the angle change 
information thus recorded 

FIG. 22 is a flowchart showing this operation. In FIG 22, the process o1 steps ST 30 to S139 and steps S141 to 
Si 42 are the same as the process ol sieps S9i to Si 03 and steps S94 to S95 in FiG 19. and the process of steps 
S144 to S149 is Ihe same as the process ol sieps S123 lo Sl29. Namely in step S143, the system controller 100 

?5 releis lo the angle change flag recorded in the cell table 20a. If the angle change flag is "1'. the process goes to step 
Si 33 to perform ihe seamless repioduclion. II ihe angle change llagis "0". the process goes to step S144 to immediately 
make the angle change jump and restart the reproduction in the non-seamless manner. 

As described above, by prescribing the angle change information, the author or the producer can deiermine the 
appropriate repioduclion melhod ai ihe time of angle change, i.e., one ot ihe seamless reproduction melhod which 

20 involves lime delay and the non-seamless reproduction method which is immediately started in response to the user's 
instruction Theiefoie, the fieedom ot design in pioducing the DVD softwaie may be impioved. 



Claims 



An information recording medium (1) reproduced by an information reproducing apparatus (S2) comprising: a 
reproduction means(B0. £2, S3, 64 86). a reproduction control means (100); and a jump reproduction means (100) 
lor allowing the reproduction means lo jump to a jump target position and to continue reproduction in response to 
an instruction from a user, said recording medium characterized by 

a plurality of first information pieces (20) each of which is reproduced successively in time by said reproduction 

means: 

a plurality of second information pieces (IU) each of which is successively positioned on said information 
recording medium, one or more of said second information piece constituting the first information piece: 
a plurality of third information pieces (30) each ot which is individually reproducible and is a unit 1or jump 
reproduction by said jump reproduction means, one or more ot said third information piece constituting the 
second information pieces; 

at least one related information piece (51 ) included in the third information piece and relating to a reproduction 
order and a reproduction method of the second information pieces; 

at least one reproduction control information piece (61) referred to by said reproduction means and relating 
lo a reproduction order and a reproouction method ot the first information pieces, wherein at least one of the 
related intormation piece and the reproduction control information piece includes a jump reproduction method 
selection information piece (IF. AF) indicating one ot a plurality o1 jump reproduction methods performed by 
said jump reproduction means. 

Amedium according to claim l, characterized in that the plurality of first information pieces include a plurality of 
selectible information pieces (20) : one of the selectible information pieces being reproduced selectively at a re- 
production lime period in the reproduction order. 

Amedium according to claim 1 . characterized in that the jump reproduction method selection information piece is 
determined in accordance with the jump target position in the jump reproduction. 

Amedium according to claim 1 , characterized in that the jump reproouction method selection information piece is 
determined in accordance with the jump reproduction method of the plurality of selectible information pieces. 

An information reproducing apparatus (S2) lor reproducing information from an information recording medium (1) 
comprising: a plurality of firs; information pieces (20) each of which is reproduced successively in time; a plurality 
of second information pieces (IU) each o:' which is successively positioned on said information recording medium, 
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one 01 moie ol said second information piece constituting the tiist information piece; a plurality ot third intormation 
ptorcF. rfXTi) each ol which is individually lepioducible and is a unit loi jump iepic»duction ( one or moie ot said third 
mlormation piece constituting the second inloirnation pieces, at least one related mlormation piece (51) included 
m the i*i»id information piece and relatinp to a icpioduction oidei and a reproduction method ol the second rntor- 
rvihon pieces at leasi one lepioduciion control mlormation piece (61) lelalmg to a reproduction ordei and a re- 
product ic-i method ot the tit si informal ion pieces: and a jump lepioduction method selection intormation piece (IF, 
AT , inc»c.-iimq one ol a plurality c»i jump reproduction methods, said inlonnalron reproducing apparatus charactei- 
i/ec b> 

^ rcpiodjcion means (SO, c2 83. 84, 36) tor successively reproducing the second information piece to re- 
produce the tu st in 1 or ma lion pieces by 1 el erring to the 1 elated mlormation piece: 

n icp'COjcion coniioi means (100) lor controlling the reproduction ol the lust intormation pieces by said re- 
picouciort mcrtnb by ret erring to the reproduction control inloirnation piece: and 

,1 ju^x 'COuction means (100) lor allowing the reproduction means to jump to a jump target position to 
• epico.i. »: triotmry information piece in response loan instruction Irom a user, wherein said jump reproduction 
nic.nv, : >v--,i- u-io reproduction means in accordance with the jump icpioduction method specilied by the 
lump -l.^in^a selection intormation piece. 



An ripp.n.r. j , 
ricniib by : - ' 
Uu-irii iim n>Kj .1 • • 
lOSS nrirtrir 



L> ct nracteiized in that said jump reproduction means controls said reproducing 
j •> v.iinjn said leproducing means reproduces the mlormation pieces in a seamless 
-t 1 i>^id lepioducmg means lepioduces the inloirnation pieces in a non-seam- 



An fipp. tr.ituu • » 
(rO) lOi rc i'J:t- x 
Outputtmq mo 

Starts OUlputlm 
sor.ond m "*m-» : 



rf». it. icier tzed in that said repioducing means comprising: a reading means 
. Moiing means (82) 1oi storing data icad by said reading means: and an 
j a.-«ta stored in said storing means, said output! ing means starts outputting 
«♦ o* '»-iid leproducing means to the jump target position in said first method and 
«■.! storing means becomes lull alter the jump ol said reproducing means in said 



An inlcim.-ttic^ - :- . »; ;~n i:us 1S1 ) comprising: 

a lirsi mc.irv. \ • • = y.m nn mlormaiion (R) having a continuous contents intoa plurality of third information 

pieces (X 1 • • 1 * 1 » 1^ repioducible independently: 

a secono r*>w ;* ??, lor producing at least one related information piece related to a reproduction 

order anc m *>•. ■ »: - . - "vmod ol second information pieces each ol which is constituted by one or more ol 

the thiffl \n\c.i" « ; •. c 

a mud m-.ifv. " ' • r; toi producing at least one control information piece relating to a reproduction order 
and a icprcc.;- ■* ' •--••»:<: ot lust mlormation pieces each o1 which is constituted by one or more of the second 
mlorm/itic*-! - • 

a lounn m.?-t- * * ' 7?. tor producing at least one jump reproduction method selection intormation piece 
mdicniirvj & • • . .■ ii;ty ol jump reproduction methods; and 

a rccoram .; <?•• ?6 7c) for recording the third information pieces, the related information pieces, the 

rcproauciicw- * « • ihon pieces and the jump reproduction method selection information pieces on an 
mlormaton r. ■ -- . ■■ jm r 1 ? 
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FIG. 4 



STRUCTURE OF INTERLEAVED UNIT 



I 



CELL#1 



20 



61B :PGC 
1 



CELL#3 



CELL#4 




1 


CELL ID 
#1 


CELL 
ID 


CELL 
ID 


CELL 
ID 


CELL 
ID 


CELL 
ID 


CELL 
ID 


CELL ID 


1 

/ 
1 


m 


#3 


#2 


#3 


nz 


#3 


#4 



20 



I 

LOGiCAL 



CELL#1 



61A :PGC 
_i 



CELLS2 



.60 



CELL#4 



IU INTERLEAVED UNIT 



2C- 



EP 0 798 722 A2 



-J LU 

is 



LU - 



rO 



CD 



<r ll 



LU ^ 



^5 

I— UJ 

LU 



2§ 

8^ 

CO 
CD OQ 

o o 

LI > > 
< CO CO 



lu z: 



LU * — 1 

—J ^ 

LU 

t— LU 

Q — 

<t U_ 

LU O 

^ Q 

LU <C 

O LU 

O ^ 

o o 

<^> o 

o o 



CO I— 
Z ZD 
O h~ 

l_ CD 

or > 
|o 

. or 
^ 2 

LU CC 
h= CL 

^ >- 
Q — l 

LU LU 

— O 

I — LU 
2 ^ 



co co 



C\J — 1 — 1 rO H H 
LL UJ LU 

^> LL LL O , , 

<:.oo ^ & £ 



U J — I LL ^ Q LL Q O 



LU LU LU LU 
LU UU 



gg 

LU Q 

LU EC 

^ ^ CO 
^ ^ CO 

[I 1 LU LU 
CO ^ 

LU ' -5 
O Z <£ 
g O LU 
<2CO 



o — 



LU 
I 

o 



24 



EP O 798 722 A2 




25 



EP 0 798 722 A2 




O 
O 







GC 






LU 






O 


o 


o 


rc 


i 


DEC 



T 

CO 



o 



o 
a: 



o 



CO 

>- 

CO 



a: 



c 








CO" 






k 


INPUT 


CD 

cn 


ISPLAY 










o 





1 

-a 
CO 



26 



EP O 798 722 A2 



FIG.8A 

SCENE 1 SCENE 2 



CELL 1 (COMMON) 



CELL 2(ver.l) 



CELL 3(ver.2) 



SCENE 3 




CELLn-f l(COMMON) 



CELL n 



V 



FIG.8B 



Tj 



tx. 



CELL 1 


CELL 2 


CELL 3 - - • CELL n 


CELL n+1 




27 



EP 0 798 722 A2 



FIG.10A 



TjU 



. / — ~\ r 

CELL 1 |CELL2jCELL3| -•- |CELLnlCELL2|CELL3| ■•• (CELLn|CELL2|cELL3| 



in 



Tiu 



FIG.10B 




26 



MP 0 798 722 A2 



FIG. 11 



f START J 



ACQUIRE END 
ADDRESS Ae 

& START 
ADDRESS As 



SI 



ACQUIRE CURRENT 
READING ADDRESS Ap 



S2 




PAUSE DATA INPUT 
TO TRACK BUFFER 



YES 



S6 



S9 



JUMP TO NEXT 
INTERLEAVED UNIT 



READ NEXT 
CELL 



~\ ( STOP ) 





RESTART DATA INPUT 
TO TRACK BUFFER 







29 



EP O 798 722 A2 



FIG. 12 



( START ) 

STOP DATA INPUT TO 
TRACK BUFFER 



-511 



STOP DATA OUTPUT 
FROM TRACK BUFFER 



512 



RESET READING 
POSITION POINTER 



S13 



I 



SEARCH AND JUMP 



RESTART DATA INPUT 
TO TRACK BUFFER 



I 



S14 



S15 



START 
READING DATA 



/ 



S16 



ACQUIRE CURRENT 
READING ADDRESS Ap 



SV7 



S18 




c 



PROCESS A 



STOF 



J 



30 



EP 0 798 722 A2 






FIG.13D 



B 

(bit) 




SEARCH 4 to !t ' 'tz i U 
FINISH I— <TiU-*JjjU 
t 

START 
REPRODUCING 



t(sec) 



31 



EP 0 798 722 A2 



FIG. 14 



( START ) 
— ~T~ 



STOP DATA INPUT TO 
TRACK BUFFER 



STOP DATA OUTPUT 
FROM TRACK BUFFER 



I 



RESET READING 
POSITION POINTER 



I 



SEARCH AND JUMP 



X 



RESTART DATA INPUT 
TO TRACK BUFFER 



I 



I 



ACQUIRE END 
ADDRESS Ae 

& START 
ADDRESS As 



S21 



S22 



^S23 



S24 



S25 



START READING DATA 



S26 



S27 



ACQUIRE CURRENT 
READING ADDRESS Ap 



S28 



YES 




PROCESS B 



S34 



NEXT CELL 
EXIST.? 

YES 




NO 



PAUSE DATA INPUT 
TO TRACK BUFFER 



S35 



f READ NEXT ^ C 
\ CELL J ^ 



STOP 



J 



JJMP TO NEXT INTERLEAVED UNITp 



S32 



I 



RESTART DATA INPUT 
TO TRACK BUFFER 

I 



S33 



32 



EP 0 798 722 A2 



FIG. 15 
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FIG. 16 
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FIG. 19 
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